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ABSTRACT 
Water Permeability of New and Maximum Laundered Isolation Gown Cuffs 
Stacey Kamarec 
ANSI/AAMI PB70 “Liquid barrier performance and classification of protective 
apparel and drapes intended for use in healthcare facilities” sets barrier performance 
requirements for the classification of isolation gowns. Manufacturers voluntarily follow 
these requirements for gowns used in minimal and low risk situations but end users 
must decide which gown is most suitable for the required task. ANSI/AAMI PB70 
classifies isolation gowns based on the level of barrier protection the gowns are 
expected to provide and recommends several tests to help manufacturers assign the 
levels to the gowns (1-4).  Published literature has identified performance concerns of 
isolation gowns, but there are no studies that examine the barrier qualities of isolation 
gown cuffs.  Therefore, it is the purpose of this study to examine isolation gown cuffs’ 
resistance to water based on ANSI/AAMI PB70:2012 criteria using modified versions of 
a water impact penetration test and a hydrostatic pressure water resistance test. The 
investigator took samples from 6 models of gowns, three models within the Level 1 
designation and three models from Level 2. Half of each sample group was washed and 
dried for one laundering cycle and the other half for the maximum recommended 
laundering cycles, prior to testing.  
Water impact penetration testing was performed using a plastic funnel fixed 0.6m 
above a clipboard at a 45-degree angle from the parallel to the floor.  Specimen were 
clamped over-top a piece of blotter paper onto the clip board. Distilled water was poured 
into the funnel and allowed to spray on the specimen.  The investigator weighed blotter 
paper before and after testing and the change in weight (g) was reported.  The 
hydrostatic pressure test was performed by securely clamping the cuff between two 
rings directly touching the surface of a reservoir of water. Water pressure in the 
reservoir was set to increase under the specimen at 60mbar/min until water penetrated 
the fabric in 3 unique locations. The pressure of the third water droplet penetration 
(mbar) was reported.  
 
 
As expected, gown cuffs washed once allowed less water penetration than gown 
cuffs washed multiple times (p<0.0001).  Level 1 gown cuffs allowed more water 
penetration than Level 2 gown cuffs for the water impact penetration test (p < 0.001). 
There was no difference between barrier performance of Level 1 and Level 2 cuffs in 
the hydrostatic pressure test (p>0.05). According to ANSI/AAMI PB70, Level 1 gowns 
(body fabric only, not cuffs) must pass the water impact penetration test with a change 
in blotter paper no more than 4.5g. Only 20.8% of the cuffs from gowns given the Level 
1 classification by manufacturers met this requirement. ANSI/AAMI PB70 specifies that 
Level 2 gown fabric could have a change in blotter paper weight of no more than 1g. 
Only 44.8% of cuffs belonging to gowns claimed to be Level 2 by manufacturers met 
this requirement. None of the cuffs from Level 2 gowns met theANSI/AAMI PB70 
performance criteria for the hydrostatic pressure test for the gown fabric material. 
Isolation gown cuffs are the only part of isolation gowns not considered as a 
critical zone for exposure by ANSI/AAMI. However, studies have shown that even with 
proper donning and doffing, gown cuffs do become contaminated which puts the user at 
risk for contact with infected blood and bodily fluids.  Manufacturers can use this 
information to improve on gown design which will help to prevent future skin exposures 
to infectious diseases in health care workers. 
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INTRODUCTION 
With the emergence of the Human Immunodeficiency Virus (HIV) in the 1980s, 
efforts were revived to improve personal protective equipment in the healthcare 
industry. Over 8 million healthcare workers (HCWs) have the potential to come into 
contact with infected persons.  With threats such as hepatitis B (HBV), HIV, and Ebola 
virus, isolation gowns that provide adequate protection are desperately needed.  
In 2003, the American National Standards Institute (ANSI) and the Association 
for the Advancement of Medical Instrumentation (AAMI) released a voluntary consensus 
standard in order to set up a classification system for protective apparel and drapes, 
including isolation gowns.  “Liquid barrier performance and classification of protective 
apparel and drapes intended for use in healthcare facilities” sets up a clear classification 
system and standardized test methods for assigning barrier performance classification 
levels (Level 1-4).  The information contained within was originally designed to help 
end-users determine which gowns are most appropriate for the task at hand. This is 
currently the only standard for the liquid barrier classification of isolation gowns used in 
the United States.  
At the end of 2015, the FDA set regulations that gowns falling into ANSI/AAMI 
Levels 3 and 4 barrier performance classifications must be submitted for premarket 
review (AAMI, 2015; FDA, 2015). Level 3 and 4 gowns provide moderate to high barrier 
protection respectively and manufacturers must receive FDA clearance before the 
gowns can be sold. This new regulation does not apply to Level 1 and Level 2 gowns. 
Few regulations for pre-market design of gowns exist and none of the gowns are 
examined post-market (FDA, 2015).  
Several studies have been performed to examine the barrier effectiveness of 
isolation gowns (Balci & D’Alessandro, 2015; Balci et.al., 2015), but none have explored 
the effectiveness of the cuffs. The performance standard from ANSI/AAMI does not 
consider cuffs a critical zone for exposure to blood and bodily fluids. Studies have 
shown the cuffs can be extremely susceptible to contamination with blood and bodily 
fluid depending on the task performed, duration, type and number of gloves, and 
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amount of blood or fluid present (Goldfrank & Liverman, 2007; Telford & Quebbeman, 
1993). Since there is no legal requirement or a voluntary consensus standard for 
isolation gown cuffs to meet barrier performance criteria, they are mostly made of 
materials that provide little to no barrier resistance, such as polyester, cotton, or blends 
(Kilinc, 2015).  
The purpose of this study is to examine the reusable isolation gowns cuffs’ 
resistance to water permeability and compare the findings to the barrier performance 
requirements for isolation gowns set by ANSI/AAMI. Currently there is very limited data 
on the water resistance properties of gown cuffs. Examining the cuffs’ permeability to 
water will give an idea as to if the gowns would be susceptible to bodily fluid 
penetration. However, surface tension of bodily fluids differs from water (Ahmad et al. 
1998) so bodily fluids should be considered for use later studies. The significance of the 
research is that the data could potentially contribute to other data that the National 
Institute for Occupational Safety and Health (NIOSH) is compiling for design 
assessment and performance criteria requirements for future standards. These 
standards will assist manufacturers in creating isolation gowns that provide the best 
possible protection for HCWs.  Protecting HCWs in turn will help prevent the transfer of 
infectious diseases from contaminated isolation gowns to patients. 
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CHAPTER 1: LITERATURE REVIEW 
This chapter contains six parts. First, a review of the history of isolation gowns is 
presented. Second, information on occupational exposures is presented. Third, a 
description of common isolation gowns is given. Fourth, current guidelines and 
recommendations for isolation gowns are presented. Fifth, relevant studies are 
provided. Lastly, the motivation for the study is given. 
1.1 History of Isolation Gowns 
Isolation gowns have been in use in healthcare since the early 1900s. In 1952, 
William C. Beck, MD, and T.A. Collete revealed that the muslin gowns that were in use 
at the time lost all their protective capabilities when they became wet due to the gowns 
being 100% cotton and having a low thread count (Belkin, 2000; Belkin, 2002).  This 
revelation wasn’t recognized in the healthcare community until the 1970s when the 
American College of Surgeons (ACS) Committee on the Operating Room Environment 
(CORE) reached out to the textile community for test methods to be developed that 
would demonstrate the gown’s barrier capabilities. The AAMI considered several test 
methods for barrier performance of surgical and isolation gowns in order to set up 
performance standards required by the Food and Drug Administration (FDA) but the 
committee disbanded in the 1980s without progress after a consensus could not be 
reached (ANSI/AAMI, 2012; Belkin, 2000). 
After the emergence of HIV and HBV in the 1980s, The Centers for Disease 
Control and Prevention (CDC) made recommendations to reduce exposure to infected 
blood (Siegel et al., 2007).  In 1991, the Occupational Safety and Health Administration 
(OSHA) issued a federal law which forced employers to provide the appropriate 
protective equipment to personnel at risk of being exposed to blood in an occupational 
setting (Ahmad et al., 1998). 
HCWs are particularly at risk for exposure to infected bodily fluids, especially 
surgeons and obstetric staff. Until recently, the failure rates of the most commonly used 
isolation gowns was unknown (Ahmad et al., 1998). More recently, a NIOSH study 
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revealed that seven of the 22 tested disposable models did not meet the ANSI/AAMI 
PB70 liquid barrier performance standard criteria for protective apparel and drapes 
(Balci & D’Alessandro, 2015). 
1.2 Occupational Exposure: Health Care Workers 
HCWs are required to provide care to all patients admitted to the hospital.  This puts 
HCWs at risk to become infected with infectious diseases transmitted via blood or bodily 
fluids, such as HIV, hepatitis B, hepatitis C, Ebola virus (Gruendemann, 2002; 
Sepkowitz and Eisenberg, 2005). In general, hospital acquired infections (HAI) are 
currently the 6th leading cause of death in the United States (Klein et al., 2007), 
resulting in 100,000 unnecessary annual deaths and over $5 billion in associated 
medical costs (Shannon, 2011).  
In response to outbreak of infectious diseases in the HCW population, the CDC 
and OSHA proposed guidelines for personal protective equipment with the blood borne 
pathogen standard of 1991. The standard contributed to reduction of hepatitis B 
infection rate in HCWs. Currently, there is no way to estimate the exact number of HCW 
that die annually from occupationally acquired infectious diseases because information 
on infection rate of many diseases is an educated guess at best. However, it is 
estimated that 9-42 HCWs per million die annually from HAIs (Sepkowitz and 
Eisenberg, 2005). In total, over 8 million HCWs are in contact with patients, and where 
there is contact, there is risk for HAIs (Bureau of Labor Statistics, 2015). 
1.3 Isolation Gown Fabrics 
Protective gowns are the second most used personal protective equipment (PPE) in 
healthcare behind gloves (Balci & D’Alessandro, 2015; Kilinc, 2016). Isolation gowns 
have varying barrier effectiveness based on the type of material, type of fiber, the 
permeability of the fabric, and number of uses (Lovitt et al., 1992).  Isolation gowns are 
classified as either “disposable/single-use” or “reusable/multi-use”. Disposable (single-
use) isolation gowns are designed to be discarded after a single use and are typically 
constructed of nonwoven materials alone or in combination with materials that offer 
5 
 
increased protection from liquid penetration, such as plastic films (Leonas, 2005; Kilinc, 
2015).  
Reusable (multi-use) gowns are laundered after each use. Reusable isolation 
gowns are typically made of 100% cotton, 100% polyester, or polyester/cotton blends. 
These fabrics are tightly woven plain weave fabrics that are chemically finished and 
may be pressed through rollers to enhance the liquid barrier properties. Cuffs in this 
study were made from polyester with various types of woven structures. 
Woven fabrics are made by using two or more sets of yarn interlaced at right 
angles to each other. Yarns are composed of fibers. Natural fibers such as cotton have 
a higher absorbency capacity than synthetic fibers like polyester, both of which are 
commonly found in reusable isolation gowns. The most common woven pattern is a 
plain weave, which is a simple, regular interlacing pattern. A high thread count indicates 
that the yarns are closely woven, resulting in a smaller pore size.  Regular patterns, 
however, results in the formation of capillary forces that allow permeability of liquid. If 
the pattern is irregular, these capillaries become disrupted, reducing permeability 
(Leonas, 2005; Kilinc, 2015). 
 
Figure 1. Isolation gown critical zones for exposure 
(gray areas A, B, and C) (ANSI/AAMI, 2012) 
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According to the ANSI/AAMI PB70 consensus standard, cuffs are the only part of 
an isolation gown not considered a critical zone for exposure (Figure 1), which means 
cuffs do not need to provide the same level of protection as the rest of the gown. Thus, 
manufacturers do not make cuffs out of the protective material as the body of the 
gowns. Reusable gown cuffs are generally made from polyester or cotton with a jersey 
knit structure (Kilinc, 2015).  According to Kilinc, FSK (Personal communication, 
Dec.2016), the knit structure is preferred because it allows for more elasticity and 
comfort. Adding water resistance material to cuffs increases production costs and 
reduces comfort.  Knitting, which involves interlocking yarns by needles, creates a 
porous, elastic fabric. Ribbed knits are the most common knit, along with jersey knits 
(Knit fabrics, n.d.; Knitting, 2016). 
1.4 Current Guidelines, Recommendations, and Requirements 
Current OSHA and CDC guidelines instruct HCWs to always assume that any 
blood or bodily fluid is contaminated and to wear protective gowns if contact with blood 
is anticipated (Gruendemann, 2002; OSHA, 2012; Siegel et al., 2007). While OSHA has 
the responsibility of enforcing PPE use, they take no part in regulation of the market or 
defining which level of protection the gowns fall under (FDA, 2015). All current 
consensus standards are voluntary, except for the barrier quality classifications for 
Level 3 and 4 gowns, which is regulated by the FDA (FDA, 2015). The 2012 ANSI/AAMI 
PB70 consensus standard is the only available standard for classifying barrier the 
protection level of isolation gowns (AAMI, 2015).  
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Table 1. ANSI/AAMI PB70 classification requirements for the various levels of 
protection expected from gowns used in healthcare. All classification levels are for 
gowns expected to be in direct contact with blood, body fluids, and other potentially 
infected materials (ANSI/AAMI, 2012; FDA, 2015; NIOSH, 2016) 
Level Liquid Barrier 
Performance 
Test; Liquid 
Challenge 
Minimum 
Required 
Result 
Expected Barrier 
Effectiveness 
Level Description 
1 AATCC 42 Impact 
Penetration; 
Water 
≤ 4.50 g Minimal water 
resistance (some 
resistance to water 
spray) 
MINIMAL risk situations 
Provides a slight barrier 
to small amounts of fluid 
penetration 
2 
 
AATCC 42 Impact 
Penetration; 
Water 
≤ 1.00 g Low water resistance 
(resistant to water 
spray and some 
resistance to water 
penetration under 
constant contact with 
increasing pressure) 
Used in LOW risk 
situations 
Provides a barrier to 
larger amounts of fluid 
penetration through 
splatter and some fluid 
exposure through 
soaking 
AATCC 127 
Hydrostatic 
Pressure; 
Water 
≥ 20.00 cm 
H2O 
or 
19.61 mbar 
3 AATCC 42 Impact 
Penetration; 
Water 
≤ 1.00 g Moderate water 
resistance (resistant 
to water spray and 
some resistance to 
water penetration 
under constant 
contact with 
increasing pressure) 
Used in MODERATE 
risk situations 
Provides a barrier to 
larger amounts of fluid 
penetration through 
splatter and more fluid 
exposure through 
soaking than Level 2 
AATCC 127 
Hydrostatic 
Pressure; 
Water 
≥ 50.00 cm 
H2O 
or 
49mbar 
4 ASTM F1670 
Synthetic Blood 
Penetration Test 
(for surgical 
drapes); 
Surrogate Blood 
no 
penetration 
at 2 psi 
(13.80 kPa) 
Blood and viral 
penetration 
resistance (2 psi) 
Used in HIGH risk 
situations 
Prevents all fluid 
penetration for up to 1 
hour 
May prevent VIRUS 
penetration for up to 1 
hour 
ASTM F1671 Viral 
Penetration Test 
(for surgical and 
isolation gowns); 
Bacteriophage      
Phi-X174 
no 
penetration 
at 2 psi 
(13.80 kPa) 
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ANSI/AAMI PB70 classifications for the barrier performance requirements of 
isolation gowns are shown in Table 1. Table 1 lists the various liquid barrier challenge 
tests required for each level of protection.  Levels of protection are ranked as minimal, 
low, moderate or high barrier protection (see Table 1 for definitions). Levels 1 and 2 are 
considered to be for minimal and low barrier protection, respectively.  Levels 3 and 4 
are to be used for moderate or high barrier protection respectively (FDA, 2012). The 
classification information provided in the table is only used to assist manufacturers in 
labeling their pre-market products. The FDA requires that gowns meeting AAMI Level 3 
and 4 classification must pass the required performance tests in addition to other 
requirements.  
Only gowns claimed to be Level 1 and 2 were used in this study. Currently, 
OSHA and CDC are the two agencies that provide recommendations for choosing 
gowns based on task type and duration (OSHA, 2012; NIOSH, 2016). The end user is 
responsible for determining the appropriate gown based on known exposure risks and 
the specific procedures and techniques involved (ANSI/AAMI, 2012). 
The ANSI/AAMI consensus standard includes two water permeability tests from 
the American Association of Textile Chemists and Colorists (AATCC) to evaluate barrier 
effectiveness of isolation gowns (ANSI/AAMI, 2015). The standard tests are as follows: 
 AATCC 42-2015 Water Resistance: Impact Penetration Test: measures 
the change in blotter paper weight to detect water penetration through 
fabric. A lower number represents less water penetration through fabric 
(AATCC 42-2015, 2015). 
 AATCC 127-2013 Water Resistance: Hydrostatic Pressure Test: 
measures a fabrics resistance to water penetration under increasing 
hydrostatic pressure (60mbar/min). A higher number indicates a higher 
resistance to penetration (AATCC 127-2013, 2013). 
These tests are used to confirm the level of protection claimed by the 
manufacturer. The FDA (2015) requires that reusable gowns be tested both on pre-
shipment gowns (i.e., new gowns) and on gowns laundered to the maximum number of 
recommended cycles. All maximum laundered gowns in this study were washed 75 
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times except for sample group H, which was washed 100 times based on the 
recommended laundering cycle information provided by the manufacturers. 
1.5 Related Studies 
Granzow et al. (1998) tested the front panels of two, 100% cotton reusable 
isolation gowns. One of the gowns was new and the other was washed an unknown 
number of times. The investigators measured the migration of blood, either normal or 
infected with Methicillin-resistant staphylococcus aureus (MRSA), through the gown 
according to the Level 4 gown requirements in ANSI/AAMI PB70. Washed reusable 
gowns were found to be less protective than their new unwashed versions.  
Zachary et al. (2001) measured contamination rate of gloves, gowns, and 
stethoscopes during routine examination of patients with vancomycin-resistant 
enterococci (VRE). After patient examination, gloves, gowns, and stethoscopes were 
tested for VRE contamination.  Gloves in 63% cases were contaminated with VRE. 
Medical examiner gowns were contaminated in 37% cases, and stethoscope 
diaphragms were contaminated in 31% of cases. Contamination of medical personnel 
PPE with VRE was found to be common during routine physical exams. It was not noted 
if gloves covered the cuffs of the gowns. 
Various studies disagree if isolation gowns reduce the risk of HAIs (Balci, 2016).  
Donowitz, (1986), Birenbaum et al., (1990), and Renaud, (1983) found no difference in 
the rates of HAIs with HCW isolation gown use. Klein et al., (2007) and Agbayani et al. 
(1981) found a decrease in HAIs with HCW isolation gown use. 
Ahmad et al. (1998) found that of 1022 isolation gowns worn by HCW, 44% had 
evidence of blood penetration. Compliance with proper donning and doffing was a 
concern. Only 25.2% of medical personnel wearing PPE were compliant. Even when 
proper procedures were followed, there was a high failure rate (14.8%) of isolation 
gowns considered to be impenetrable. Most importantly, the authors noted that even a 
single droplet of blood can contain thousands of blood-borne pathogens and is enough 
to cause transmission of infectious disease.  
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Telford and Quebbeman (1993), Smith et al. (1991), and Granzow et al. (1998) 
have shown that reusable gowns become less effective with increasing number of 
washes. Slater (1998) found that disposable gowns prevent more penetration than 
reusable gowns, but at the cost of comfort and breathability that the reusable gowns 
provide.  
Rutala and Weber (2001) examined the economic and environmental impact of 
disposable and reusable gowns. They found that disposable gowns create more 
physical waste but reusable gowns consume more water and create more water 
pollution. Both gown types were found to release air emissions that contribute to the 
formation of greenhouse gasses and acid rain. Both forms of pollution are viewed as 
equally damaging to the environment. From an economic standpoint, Rutala and Weber 
compared direct costs, drape set-up and changing costs, laundering and reprocessing 
costs, storage and inventory costs, and disposal costs. The total cost and cost-per-use 
both came out to roughly the same amounts for disposable and reusable gowns. They 
mentioned it was important to examine the actual life span of reusable gowns. These 
gowns claim to be viable for up to 100 laundering cycles by the manufacturer. However, 
physical damage and decreased efficiency with increasing number of washings may 
reduce the viable life span by 50%. 
Balci, F.S.K., Nwoko, J., and Hillam, T.  (2015) assessed 22 types of disposable 
isolation gowns using two of the liquid barrier performance tests (water impact 
penetration and hydrostatic pressure resistance) and one viral penetration resistance 
test (ASTM F1671) within the ANSI/AAMI PB70 consensus standard. They found that 9 
of the 22 new disposable isolation gowns did not meet the ANSI/AAMI PB70 minimum 
performance criteria for barrier protection level claimed by the manufacturers. 
Depending on the amount of blood or bodily fluids involved with certain tasks as 
well as the type and number of gloves used, cuffs may not provide adequate protection 
from contamination and penetration. HCWs may not experience adequate protection. 
Goldfrank and Liverman (2007) found that the areas of the gowns most vulnerable to 
strike-through (i.e. migration of fluid from one side of fabric to the other) were the cuffs, 
forearms, thigh, chest, and abdomen areas. The gown/glove interface is known to have 
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leakage and contamination issues (Goldfrank & Liverman, 2007; Telford & Quebbeman, 
1993), but the ANSI/AAMI PB70 standard doesn’t address the interface because too 
many factors other than the gown itself can affect the interface (ANSI/AAMI, 2012).  It is 
recommended that gloves be pulled over cuffs in all cases, but user compliance is a 
concern (Goldfrank & Liverman, 2007). Even more concerning is that gown cuffs have 
been found to fail even when users are compliant with donning and doffing procedures 
for PPE (Ahmad et al., 1998). 
1.6 Motivation for Study 
HCWs are often exposed to bodily fluids that may or may not contain infectious 
diseases.  A single drop of blood is enough to transmit infectious disease (Ahmad et al., 
1998).  Balci (2016), Kilinc et al. (2015), Smith et al. (1991), and Telford and 
Quebbeman (1993) identified isolation gowns on the market that do not provide the 
claimed level of protection. The protection rate for isolation gowns is unknown. 
In particular, no studies have explored the liquid barrier performance of isolation 
gown cuffs. The cuff area is a concern because it is the only area of isolation gowns not 
considered a critical zone for exposure by ANSI/AAMI PB70. Also, gown cuffs have 
been found to fail even when users are compliant with donning and doffing procedures 
for PPE (Ahmad et al., 1998). Therefore, it is the subject of this study to examine the 
liquid barrier performance of cuffs and compare findings to the classification 
requirements found in ANSI/AAMI PB70.  
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CHAPTER 2: METHODS 
 This chapter contains five parts. First, the research study design is presented. 
Second, information on the instrumentation used is provided. Third, the test methods 
are given. Fourth, information on data handling and analysis are presented. Lastly, the 
research questions and hypotheses are presented. 
2.1 Research Design 
NIOSH procured reusable isolation gowns, either ANSI/AAMI PB70 classification 
Level 1 or Level 2, from the open market for use in this study regarding barrier 
effectiveness. Cuffs were taken from these samples, with the researcher being blinded 
to the manufacturer names.   
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Table 2. Investigator-assigned gown model IDs, ANSI/AAMI PB70 
classification claimed by manufacturer for critical zones, and the 
fabric composition of the critical zones of the isolation gown 
Sample 
Gown 
ID 
AAMI 
Level 
Claimed 
for 
Critical 
Zones 
Maximum 
Number of 
Launderings 
Recommended 
by the 
Manufacturer 
Critical Zone 
Woven Fabric 
Composition 
Cuff Fiber 
Composition 
A 2 75 100% Polyester 100% Polyester 
B 1 75 
100% Polyester 
100% Polyester 
Jersey 
C 2 75 99%/1% 
Polyester/Carbon 
Fiber 
100% Polyester 
D 2 75 99%/1% 
Polyester/Carbon 
Fiber 
100% Polyester 
F 1 75 99%/1% Polyester/ 
Carbon Fiber 
100% Polyester 
Jersey 
H 1 100 55%/45% 
Cotton/Polyester 
N/A 
 
Sample gown groups were assigned a label (A, B, C, D, F, or H) (Table 2). 
Gowns were washed and dried once or to the maximum laundering cycles 
recommended by the manufacturers. All gown model groups washed multiple times 
were washed for 75 cycles, except for model H which was washed 100 times based on 
the manufacturers recommendations. 
Thirty-two cuff specimens were taken from each of the 6 gown models. Sixteen 
specimens were taken from the washed once gowns and sixteen from the maximum 
laundered gowns. A total of 192 (16 specimen x 6 sample gowns x 2 types of 
laundering) cuffs were tested per standard for a grand total of 384 specimen. Both test 
methods were modified to accommodate the smaller sample surface area. See section 
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“2.2 Instrumentation” and “2.3 Test Methods” for modifications. Cuffs were conditioned 
according to the “Standard Practice for Conditioning and Testing Textiles” (ASTM 
D1776/D1776M) as stated in both test methods. All specimen were tested at room 
temperature and humidity. 
Results were statistically analyzed in JMP (SAS, Cary, NC) for the ANSI/AAMI 
PB70 levels of protection (Levels 1 and 2), and also for number of washings (one time 
versus maximum laundered). Interactions between levels and number of washings were 
also examined.  The results of both tests were compared to the requirements listed in 
ANSI/AAMI PB70:2012 for the critical zones of isolation gowns. 
 
Figure 2. Tester used for Water Impact 
Penetration testing (AATCC 42-2015) 
2.2 Instrumentation 
For water impact penetration testing (AATCC 42-2015), an impact penetration 
Type II tester (Figure 2) was used, consisting of a funnel with interior baffles on a ring 
stand 0.6m above a clip board angled 45-degrees to the horizontal. The height of the 
funnel and spraying head was maintained to the required distance of 0.6m. 
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Figure 3. Plum bob hanging 0.6m 
from the spraying head used to 
modify the spraying to the center of 
the blotter paper (AATCC 42-2015) 
 
A plum bob was used to modify and align the spraying head (Figure 3) so that 
water sprayed half way down on the center of the blotter paper (approximately 4.5cm 
from the bottom of the clamp at the top of the clip board). Also, a 250ml beaker instead 
of a 500mL beaker and a scale precise to the nearest 0.01g were used. 
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Figure 4. HydroTester FX 3000-IV used for 
water pressure resistance testing (AATCC 127-
2013). 100cm2 test head shown 
 
For hydrostatic pressure water resistance testing (AATCC 127-2013), a 
HydroTester (Figure 4) meeting Option 2 for hydrostatic head tester requirements of the 
standard was used. The hydrostatic tester functions by clamping a specimen between 
two rings directly on touching the top of a reservoir of water. The clamping surface was 
modified from the required 100cm2 clamping surface area to that of 26cm2 using the 
smaller testing head provided by the manufacturer. The HydroTester used has a digital 
display from which test type can be set. In this case dynamic testing was used, and the 
rising pressure rate was set to the required 60mbar/min. This same screen also displays 
the water penetration pressures triggered by the operator pressing a button. 
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Figure 5. Specimen and blotter paper being 
conditioned at 21oC and 65% relative 
humidity within the Caron Environmental 
Chamber 
2.3 Test Methods 
For both test methods, specimen were conditioned according to the “Standard 
Practice for Conditioning and Testing Textiles” (ASTM D1776/D1776M) as specified in 
AATCC 42-2015 and AATCC 127-2013 test methods. All specimen and blotting paper 
were placed in a conditioning chamber (Caron 6010 Series Environmental Chamber, 
Marietta, OH; Figure 5) set to 21oC and 65% relative humidity for at least four hours 
prior to testing.  According to Balci, F.S.K. (Personal communication, November 29, 
2016), fabrics are conditioned at standard atmosphere to avoid the unwanted effects 
temperature and humidity can have on the properties of fabrics.  For example, fabrics 
such as cotton more readily absorb water so conditioning all fabrics at standard 
atmosphere allows different fabric types to be compared when using the same test 
methods. 
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Figure 6. Example cuff specimen 
for water impact penetration testing 
 
For the water impact penetration test (AATCC 42-2015), the cuff specimen were 
cut just above the seam (Figure 6), leaving the seam in-tact in order to keep the 
material together. The specimen was layered over a piece of pre-weighed modified 
blotting paper and clamped onto the top of a clipboard angled at 45o to the horizontal 
under the funnel spraying head (Figure 7 and 8).  
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Figure 7 Specimen clamped 
over a piece of modified 
blotter paper and held taut 
with bottom weight 
 
Figure 8. Modified blotter 
paper clamped underneath 
cuff specimen 
 
Blotting paper was cut down to a smaller size based on the original specimen 
size to blotter paper size ratio using the average cuff size. The bottom of the sample 
was clamped with an additional clamp (Figure 7) that was allowed to hang down to hold 
the sample taut. One hundred fifteen milliliters of distilled water, modified from the 
original 500mL using a ratio of original sample size to 500mL distilled water, was poured 
into the funnel using a 250mL beaker and allowed to spray onto the angled cuff surface. 
Once the water stopped spraying, the specimen was quickly removed from the clip 
board and the blotting paper was re-weighed. The change in weight in grams was 
recorded. Water was to be regulated at 21 ± 2oC, but the laboratory did not have the 
capabilities to do so. Water temperature was recorded with the data in the lab notebook. 
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Figure 9. Example specimen for water pressure 
resistance testing (AATCC 127-2013) 
 
For the water pressure resistance test (AATCC 127-2013), samples were cut to a 
minimum size of the clamping surface (26cm2), which in this case was the entire cuff 
(Figure 9). The surface of the fabric to be tested, the outside of the sleeve and cuff, was 
placed face down onto the water and clamped into place. Water in the reservoir of the 
HydroTester was to be regulated at 21 ± 2oC, but the laboratory did not have the 
capabilities to do so. Water temperature was recorded with the data in the lab notebook. 
The dynamic test option on the HydroTester was selected with a pressure gradient of 
60mbar/min.  
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Figure 10. Example of droplet appearance in 
quick, almost immediate, succession during water 
pressure resistance testing (AATCC 127-2013) 
 
When the test was started, water pressure under the fabric rose and the operator 
pressed a trigger button for the first three droplets that penetrated the cuff, disregarding 
any droplets that appeared within 3mm of the clamp ring as per the standard methods. 
The pressure (mbar) of the first three unique locations to penetrate the cuffs were 
recorded in the laboratory notebook. The third water droplet penetration location 
pressure (mbar) was used for statistical analysis and comparison to the ANSI/AAMI 
PB70 level classification criteria (Figure 10). 
2.4 Data Collection, Entry, Management, and Analysis 
Data was recorded from the scale and from the HydroTester screen directly into 
a laboratory notebook. Data was then transferred into Excel®. The data analysis for this 
paper was generated using SAS software, specifically JMP (SAS, Cary, NC). Data 
obtained was also compared to the guidelines for liquid barrier classification provided by 
ANSI/AAMI PB70:2012 consensus standard (Table 1) for critical zones. A factorial 
analysis of variance (ANOVA) was used for statistical analysis at p<0.05 for each of the 
hypotheses listed below (Section 2.5 Research Questions and Hypotheses). LSMeans 
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Student’s t-tests were used to compare the two levels within each independent variable, 
number of washings and ANSI/AAMI PB70 level. The LSMeans Tukey HSD was used 
to analyze the differences between sample groups nested within each ANSI/AAMI PB70 
level. 
2.5 Research Questions and Hypotheses 
The research questions were: 
 Do the cuffs meet the liquid barrier performance criteria expected for the 
ANSI/AAMI level claimed by the manufacturer for the rest of the gown? 
 Does washing the gown cuffs to the maximum recommended number of cycles, 
reduce the liquid barrier performance? 
 Do sample gowns within each ANSI/AAMI classification level provide the same 
liquid barrier performance? 
The main hypotheses were: 
 Cuffs from gowns within the ANSI/AAMI PB70 Level 2 classification will have 
significantly higher liquid barrier performance than the cuffs from gowns in the 
Level 1 classification. 
 Cuffs from sample gowns claimed to be Level 1 will not meet the liquid barrier 
performance criteria required for critical zones.  
 Cuffs from sample gowns claimed to be Level 2 will not meet the liquid barrier 
performance criteria required for critical zones.  
 Gown cuffs washed to the maximum recommended number of laundering cycles 
will have decreased liquid barrier performance compared to cuffs only washed 
once  
 Sample gown cuffs B, F, and H will have significantly different barrier 
performance within ANSI/AAMI PB70 Level 1. 
 Sample gown cuffs A, C, and D will have significantly different barrier 
performance within ANSI/AAMI PB70 Level 2. 
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CHAPTER 3: RESULTS 
 This section presents the results from the water resistance impact penetration 
test and the hydrostatic pressure resistance test. 
3.1 AATCC 42-2015 Water Resistance: Impact Penetration Results 
 An ANOVA and post hoc tests were performed on the change in blotter paper 
weight (g) data from the water impact penetration test. 
Table 3. Descriptive statistics for number of washes, ANSI/AAMI liquid barrier 
classification level, and the interaction between them for the water impact 
penetration test (AATCC 42-2015) 
Specimen Source n Mean Change in 
Blotter Paper 
Weight (g) 
SD 
Cuffs Washed 1 Time 96 2.49 2.84 
Cuffs Washed Multiple Times 96 5.70 1.37 
Cuffs from Level 1 Gowns 96 5.42 2.00 
Cuffs from Level 2 Gowns 96 2.77 2.76 
Cuffs from Level 1 Gowns Washed 1 Time 48 4.71 2.42 
Cuffs from Level 1 Gowns Maximum Laundered 48 6.13 1.08 
Cuffs from Level 2 Gowns Washed 1 Time 48 0.27 0.61 
Cuffs from Level 2 Gowns Maximum Laundered 48 5.27 1.50 
 
Table 3 shows the descriptive statistics for the water impact penetration test.  
The mean change in blotter paper weight (g) for cuffs washed multiple times (M=5.70) 
was more than double than the mean for cuffs washed 1 time (M=2.49). Cuffs from 
Level 1 gowns had a mean change in blotter paper weight (g) (M=5.42) that was also 
more than double the mean for cuffs from Level 2 gowns (M=2.77). Level 1 gown cuffs 
(M=6.13) and Level 2 gown cuffs (M=5.27) laundered to the maximum cycles allowed 
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more water to penetrate the fabric than Level 1 gown cuffs (M=4.71) and Level 2 gown 
cuffs (M=0.27) only washed once.  
Table 4. LSMeans Student's t-test results for water impact penetration 
testing (AATCC 42-2015) 
Comparison Prob > |t| 
Level 1 vs Level 2 <0.0001 
Washed Once vs Max Laundered <0.0001 
 
The LSMeans Student’s t-test shows a significant difference between number of 
washings (p<0.0001) with gowns washed multiple times (M=5.70) having a higher mean 
change in blotter paper weight (g) than gowns washed once (M=2.49).  There was also 
a significant difference (p<0.0001) between cuffs from gowns claimed as Level 1 and 
Level 2, with Level 1 gowns having a higher mean change in blotter paper weight 
(M=5.42) versus Level 2 (M=2.77). 
Table 5. LSMeans Tukey HSD results for water impact penetration testing 
(AATCC 42-2015) for sample gown group comparisons within each 
ANSI/AAMI PB70 level 
Comparison p-Value 
Sample Gown B vs Sample Gown F (within Level 1) 0.71 
Sample Gown B vs Sample Gown H (within Level 1) <0.0001 
Sample Gown F vs Sample Gown H (within Level 1) <0.0001 
Sample Gown A vs Sample Gown C (within Level 2) 0.76 
Sample Gown A vs Sample Gown D (within Level 2) 0.99 
Sample Gown C vs Sample Gown D (within Level 2) 0.50 
 
The LSMeans Tukey HSD test (Table 5) revealed that within the Level 1 claimed 
classification, cuffs from sample gowns B and F performed similar (p>0.05). Both were 
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different from cuffs from sample gown H (p<0.001). This may be due to cuffs H being 
washed 25 more times than sample gowns B and F. All 3 cuffs from sample gowns A, 
C, and D within the Level 2 claimed classification performed similar (no significant 
difference, p>0.05). 
 
 
Figure 11. Comparison of the mean change in weight (g) for sample gowns nested 
within ANSI/AAMI PB70 levels for the water impact penetration test (AATCC 42-2015) 
 
Figure 11 shows compares the mean changes in blotter paper weight (g) for the 
6 sample gown cuffs. Sample group B and F cuffs performed similarly, with both 
allowing more water through the fabric onto the blotter paper. As mentioned before, 
sample gown H cuffs had been laundered an additional 25 times compared to all other 
sample gown groups, thus the mean change in blotter paper weight (g) doesn’t 
resemble either Level 1 or Level 2 gown cuffs. All three gowns (A, C, and D) within 
Level 2 performed similarly (p>0.05). 
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Table 6. ANOVA results from JMP (SAS, Cary, NC) for the water 
impact penetration test (AATCC 42-2015) 
Source Degrees of 
Freedom 
Sum of 
Squares 
F Ratio Prob > F 
AAMI PB70 Level Claimed 1 337.40 170.67 <.0001* 
Number of Times Washed 1 495.50 250.64 <.0001* 
Sample Gowns nested within AAMI 
PB70 Claimed Levels 
4 90.35 11.43 <.0001* 
AAMI PB70 Claimed Levels 
crossed with Number of Times 
Washed 
1 154.51 78.16 <.0001* 
 
A factorial ANOVA (Table 6) was conducted to compare number of washings and 
the AAMI PB70 claimed level on the cuffs’ barrier performance against water impact 
penetration. The interaction effect of both number of washings and AAMI PB70 level 
was also compared.  All independent variables and combinations of variables were 
significant at the 5% level. The findings of this test are likely not due to chance. 
Table 7. Number of cuffs from each sample group with 
change in blotter paper weight (g) within the requirements for 
the claimed level of the critical zones 
Sample 
Group 
Number of 
Times 
Washed 
n Level Number of Specimen 
passing ANSI/AAMI 
PB70 Criteria 
B 75 16 1 3 
F 75 16 1 1 
H 1 16 1 16 
A 1 16 2 14 
C 1 16 2 16 
D 1 16 2 13 
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Critical zones of gowns claimed as Level 1 can only have a change in blotter 
paper weight ≤4.5g and Level 2 gowns ≤1g (Table 1). The mean change in blotter paper 
weight (g) for cuffs was compared to the ANSI/AAMI PB70 classification requirements 
for critical zones of gowns. The number of gown cuffs per sample group with a low 
change in blotter paper weight sufficient to meet the ANSI/AAMI PB70 classification 
criteria are listed in Table 7. Groups with no cuffs meeting the criteria were omitted from 
Table 7. As expected, most cuffs did not meet the criteria had they been considered 
critical zones. Only 20 out of the 96 (20.8%) gown cuffs from claimed Level 1 gowns 
passed with a change in blotter paper weight ≤4.5g. Forty-three of the 96 (44.8%) cuffs 
from claimed Level 2 gowns passed with a change in blotter paper weight ≤1g. 
3.2 AATCC 127-2013 Water Resistance: Hydrostatic Pressure Test Results 
An ANOVA and post hoc tests were performed on the pressure at the third water 
droplet penetration location (mbar) data from the water resistance penetration test. 
Table 8. Descriptive statistics for number of washes, ANSI/AAMI liquid barrier 
classification level, and the interaction between them for the water pressure resistance 
test (AATCC 127-2013) 
Specimen Source n Mean Third Drop 
Pressure (mbar) 
SD 
Cuffs Washed 1 Time 96 8.84 3.91 
Cuffs Washed Multiple Times 96 6.09 3.29 
Cuffs from Level 1 Gowns 96 7.42 4.99 
Cuffs from Level 2 Gowns 96 7.51 2.24 
Cuffs from Level 1 Gowns Washed 1 Time 48 8.61 5.19 
Cuffs from Level 1 Gowns Maximum Laundered 48 6.24 4.53 
Cuffs from Level 2 Gowns Washed 1 Time 48 9.07 1.97 
Cuffs from Level 2 Gowns Maximum Laundered 48 5.94 1.13 
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Table 8 shows the descriptive statistics for the water pressure resistance test. 
The mean third drop pressure (mbar) for cuffs washed multiple times (M=6.09) was less 
than the mean for cuffs washed 1 time (M=8.84). Cuffs from Level 1 gowns had a mean 
third drop pressure (mbar; M=7.42) that was almost equal to the mean for cuffs from 
Level 2 gowns (M=7.51). Level 1 gown cuffs (M=6.13) and Level 2 gown cuffs (M=5.27) 
laundered to the maximum cycles allowed more water to penetrate the fabric than Level 
1 gown cuffs (M=4.71) and Level 2 gown cuffs (M=0.27) only washed once. 
Table 9. LSMeans Student t-test results for water 
pressure resistance testing (AATCC 127-2013) 
Comparison p-Value 
Level 1 vs Level 2 0.87 
Washed Once vs Max Laundered <0.0001 
 
The LSMeans Student’s t-test shows that the only significant difference was 
between number of washings (p<0.0001) with gowns washed one time (M=8.84) having 
a higher mean third drop pressure (mbar) than gowns washed multiple times (M=6.09). 
There was no significant difference (p>0.05) between cuffs from gowns claimed as 
Level 1 (M=7.42) and Level 2 (M=7.51). 
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Table 10. LSMeans Tukey HSDresults for water pressure resistance 
testing (AATCC 127-2013) for sample gown comparisons within each 
ANSI/AAMI PB70 level 
Comparison p-Value  
Sample Gown B vs Sample Gown F (within Level 1) 1.00 
Sample Gown B vs Sample Gown H (within Level 1) 0.99 
Sample Gown F vs Sample Gown H (within Level 1) 0.99 
Sample Gown A vs Sample Gown C (within Level 2) 0.86 
Sample Gown A vs Sample Gown D (within Level 2) 0.89 
Sample Gown C vs Sample Gown D (within Level 2) 1.00 
 
The LSMeans Tukey HSD test (Table 10) revealed that within the Level 1 
claimed classification, cuffs from sample gowns B, F, and H performed similar (p>0.05). 
All 3 cuffs from sample gowns A, C, and D within the Level 2 claimed classification 
performed similar as well (no significant difference, p>0.05). 
Table 11. ANOVA results from JMP (SAS, Cary, NC) for the 
water pressure resistance test (AATCC 127-2013) 
Source Degrees of 
Freedom 
Sum of 
Squares 
F Ratio Prob > F 
AAMI PB70 Claimed Level 1 0.33 0.03 0.87 
Number of Times Washed 1 363.55 27.31 <0.0001 
Sample Gowns nested within AAMI 
PB70 Claimed Level 
4 26.68 0.50 0.74 
AAMI PB70 Claimed Level crossed 
with Number of Times Washed 
1 6.90 0.52 0.47 
 
The only difference not likely due to chance was the difference between number 
of washings on the third drop pressure (mbar) (p<0.0001) (Table 10). 
30 
 
Critical zones of gowns claimed as Level 2 can only have a third drop pressure 
no less than 20cm H20 (19.61mbar) for critical zones according to ANSI/AAMI PB70 
(Table 1). Gowns claimed to be Level 1 by manufacturers do not have to meet the 
requirements for the water pressure resistance test according to ANSI/AAMI PB70. The 
mean third drop pressure for cuffs was compared to the AAMI/ANSI PB70 classification 
requirements for critical zones of gowns. None of the cuffs meet the criteria had they 
been considered critical zones. The highest pressure reached was 16.7mbar (from 
sample group H washed once). Had the cuffs been considered as part of the critical 
zone for the isolation gowns according to ANSI/AAMI PB70, all cuffs from claimed Level 
2 gowns would not have been eligible to be claimed as Level 2. 
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CHAPTER 4: DISCUSSION 
 As a reminder, the research questions and hypotheses were as follows: 
The research questions were: 
 Do the cuffs meet the liquid barrier performance criteria expected for the 
ANSI/AAMI level claimed by the manufacturer for the rest of the gown? 
 Does washing the gown cuffs to the maximum recommended number of cycles, 
reduce the liquid barrier performance compared to gown cuffs washed once? 
 Do sample gowns within each ANSI/AAMI classification level provide the same 
liquid barrier performance? 
The main hypotheses were: 
 Gown cuffs from gowns within the ANSI/AAMI PB70 Level 2 classification will 
have significantly higher liquid barrier performance than the gown cuffs from 
gowns in the Level 1 classification. 
 Cuffs from sample gowns claimed to be Level 1 will not meet the liquid barrier 
performance criteria required for critical zones.  
 Cuffs from sample gowns claimed to be Level 2 will not meet the liquid barrier 
performance criteria required for critical zones.  
 Gown cuffs washed to the maximum recommended number of laundering cycles 
will have decreased liquid barrier performance compared to cuffs only washed 
once  
 Sample gown cuffs B, F, and H will have significantly different barrier 
performance within ANSI/AAMI PB70 Level 1. 
 Sample gown cuffs A, C, and D will have significantly different barrier 
performance within ANSI/AAMI PB70 Level 2. 
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4.1 Cuff barrier performance between ANSI/AAMI PB70 claimed levels of 
protection 
In the water impact penetration test (AATCC 42-2015), there was an expected 
significant difference between Level 1 and Level 2. Level 2 gowns allowed less water to 
penetrate through the cuff material than Level 1 gown cuffs. In the water pressure 
resistance test (AATCC 127-2013), all gown cuffs performed similarly, meaning there 
was no difference in barrier performance between Levels 1 and 2. This was not as 
expected. 
There is not sufficient evidence to support the hypothesis that gown cuffs from 
gowns within the ANSI/AAMI PB70 Level 2 classification will have significantly higher 
liquid barrier performance than the gown cuffs from gowns in the Level 1 classification. 
Depending on the task, cuffs from a Level 2 gown may perform more similar to a Level 
1 gown. This has serious implications for the user because depending on amount of 
bodily fluids and the presence of infectious disease, the user could be put at risk for 
exposure. 
4.2 Cuffs from claimed Level 1 and 2 liquid barrier performance compared to 
criteria required for critical zones 
Both Level 1 and Level 2 gowns must pass the pass/fail criteria (Table 1) for the 
water impact penetration test (at different specified values) in order to be claimed as 
such (AATCC 42-2015). Only 20 out of the 96 (20.8%) Level 1 gowns passed with a 
change in blotter paper weight ≤4.5g for the water impact test. Forty-three of the 96 
(44.8%) Level 2 gown cuffs passed with a change in blotter paper weight ≤1g. Only 
gown cuff groups C and H completely passed the water impact penetration test. 
Only Level 2 gowns must pass the water pressure resistance test (AATCC 127-
2013) (Table 1). None of the gown cuffs from gowns claiming to be Level 2 reached the 
required pressure level of 19.61mbar (Table 1) for the water pressure resistance test. 
Most of the cuffs failed the pass/fail criteria for these tests indicating that if a 
person had been wearing the gown, they would have potentially not have been 
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protected to the claimed level. In a healthcare setting, up to 4 out of 5 Level 1 gown 
cuffs could allow enough penetration that the user would experience contamination and 
thus be put at risk for infection. Almost half of Level 2 gown cuffs could also experience 
the same risk. 
These findings are in agreeance with findings from a study by Balci et al. (2015) 
on disposable gowns. Disposable gowns have been found to not meet the criteria set by 
ANSI/AAMI PB70 for the levels claimed by the manufacturers. This has negative 
implications for end users trying to purchase gowns with a certain level of protection, as 
they may falsely believe they are being protected when they are not. 
4.3 Cuff barrier performance between number of washings 
In the water impact penetration test (AATCC 42-2015), the mean number of 
washings was significant (p<0.0001) with gowns washed once allowing less water to 
penetrate through the fabric to wet the blotter paper than gowns washed multiple times. 
In the water pressure resistance test (AATCC 127-2013), the only parameter with 
significant differences in the means was between number of washings (p<0.0001) with 
gown cuffs washed once providing slightly more protection to water penetration at a 
higher pressure versus gown cuffs washed multiple times. 
The findings of this study are in agreeance with previous research, in that the 
data also shows newer gown cuffs perform better than those that have been washed 
multiple times (Telford and Quebbemen, 1993; Smith et al, 1991). These findings may 
help manufacturers determine their specific recommendations when assigning the 
maximum recommended number of laundering cycles for reusable isolation gowns. 
4.4 Cuff barrier performance within ANSI/AAMI PB70 claimed Level 1 protection 
When looking at gowns B, F, and H within the Level 1 classification for the water 
impact penetration test (AATCC 42), all the gowns performed similar, except for sample 
group H. Gown H cuffs didn’t perform similar to either Level 1 gown cuffs or Level 2 
(Figure 3). This is likely due to the multi-washed group H gowns being washed 25 more 
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times than any other of the multi-washed gowns. This agrees with the hypothesis that 
each sample gown cuff group would perform differently within each level. 
For the water pressure resistance test (AATCC 127-2013), all gown types 
performed similarly (p>0.05). Level 1 gowns do not need to meet the water pressure 
resistance criteria set by ANSI/AAMI PB70. Results from this test are not in support of 
the hypothesis that the different sample groups within Level 1 would perform differently. 
Considering that group H had been washed so many more times than the other 
Level 1 gowns, there is not sufficient evidence to support the hypothesis that the sample 
gown groups within each claimed level have different barrier capabilities. 
4.5 Cuff barrier performance within ANSI/AAMI PB70 claimed Level 2 protection 
All level 2 gown cuffs (A, C, D) performed very similar for the water impact 
penetration test (AATCC 42-2015), which disagrees with the hypothesis that there 
would be a difference in the means within each level. 
For the water pressure resistance test (AATCC 127-2013), all gown types 
performed similarly (p>0.05), with all gowns failing the pass/fail criteria. This also 
disagrees with the hypothesis that each sample gown cuff group would perform 
differently within each level. 
4.6 Future Use 
Future studies should consider repeating the modified methods for the water 
pressure resistance test (AATCC 127-2013) in this paper but also modifying the rate at 
which the pressure increases.  The rate of 60mbar/min may have been too aggressive 
since none of the data passed 16.7 mbar, which is less than the pass/fail criteria for 
Level 2 gown critical zones (i.e. 19.61mbar). Slowing the rate may help the user to 
respond quicker to the first, second, and third drop appearances. This would also allow 
for more accurate data analysis since the operator’s reaction time would more 
accurately represent the first, second, and third water penetration appearance. 
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 A similar study to this should be performed on disposable gown cuffs.  However, 
it should be considered that the cuff designs for disposable gowns are significantly 
different than cuff designs for reusable gowns. Disposable gowns mainly designed 
using an elastic type of cuffs or cuffs with thump loops. In both of the types, in general 
the same type of fabric material that is used for the body of the gown is used for the 
cuff. Therefore, the barrier protection level of cuffs could be similar to the barrier 
protection level of the cuffs. Also, since there is no other fabric attached to the sleeves 
for cuff attachment, seams are not used which could be considered as an advantageous 
for barrier protection. It should be noted that a small area is used for the attachment of 
the elastic material to the sleeves. Similar to reusable gown cuffs, little information 
exists on the barrier capabilities of disposable gown cuffs. 
 A study examining the effect of water temperature on fabric permeability should 
be conducted. Limited research exists on the effect of water temperature on 
permeability properties of fabric.  The test should be conducted using a fabric with a 
known, constant permeability while using a constant amount of water at various 
temperatures during the same test.  Water in the current study couldn’t be conditioned 
to the recommended temperatures listed within the standards.  While the water 
temperature was never more or less than 5oC from the recommended temperature, it 
cannot be assumed that this small of a change had no effect on the test outcomes. 
 Lastly, a study should be performed to examine various numbers of cycles of 
washing and drying on the barrier properties of isolation gown cuffs.  This study only 
examined the minimum and maximum recommended laundering cycles.  Several cycles 
between the two (such as 25, 50, and 75 times) should be examined. 
 Findings in this study will contribute to other barrier effectiveness data that will be 
used in future design assessment and performance criteria for 
recommendations/standards. The data could potentially contribute to the development 
of performance and design requirements that manufacturers can use to improve 
isolation gown design.  This information will contribute to better designed gowns that will 
help prevent skin exposure to infectious diseases for HCWs. Better designed gowns 
may help to reduce the large amount of unnecessary annual deaths and associated 
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medical costs (Shannon, 2011). The findings of this study could help to provide useful 
information to the end user who determines which gown is most appropriate for the 
intended task (ANSI/AAMI, 2012).  
  
37 
 
CHAPTER 5: CONCLUSION 
Isolation gown cuffs are known to have contamination and penetration issues, 
even when users are compliant with donning and doffing procedures. Overall, the 
isolation gown cuffs in this study did not meet required liquid barrier performance criteria 
compared to ANSI/AAMI PB70 classification requirements for critical zones of isolation 
gowns. Gowns that are washed multiple times have reduced barrier effectiveness 
compared to new gowns. This combined with Rutala and Weber (2001) finding that the 
lifespan of gowns is reduced up to 50% with routine use, the maximum number of 
laundering cycles may need to be adjusted. The findings of this study should be used in 
the future development of design assessment and performance criteria standards.  
Manufacturers can use the findings to better design isolation gowns in order to protect 
HCWs from the risk of exposure to infectious diseases like HIV and Ebola virus.  
Limitations 
The first limitation to this study is that there are no studies that exist that examine 
the barrier properties of gown cuffs.  Therefore, there is no data to which the results of 
this study can be compared. While cuffs are not considered a critical zone, it is 
important to note that the cuffs can be exposed to blood and bodily fluids during certain 
tasks.  Isolation gown cuffs are not required to be made of the same materials as the 
critical zones. Therefore, different materials with varying barrier effectiveness are used 
(Kilinc, 2015). Some of the most common areas found to be contaminated with blood on 
isolation gowns were the cuffs, forearms, thighs, chest, and abdomen (Goldfrank & 
Liverman, 2007). There are also leakage and contamination issues known to the 
gown/glove interface (Goldfran& Liverman, 2007; Telford & Quebbeman, 1993; Zachary 
et al., 2001). Even though this information is known, no studies exist that examine the 
barrier properties of gown cuffs. 
One minor limitation to the study was that distilled water for each test was to be 
conditioned and used at a specific temperature. The laboratory did not have the 
capability to condition water, so distilled water was used at the temperature the water is 
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dispensed, which was never more than 5oC different from the required temperature for 
each standard. 
 A major limitation to this study was the limited scope. Only 6 gown types were 
available for testing. There is a small number of types and manufacturers of isolation 
gowns on the market. More limiting is that there were only two ANSI/AAMI PB70 levels 
to examine. However, no isolation gowns were found on the U.S. market with 
ANSI/AAMI PB70 Level 3 and 4 claims. All Level 2 gowns had been made by the same 
manufacturer. The available specimen number size (n=16) was small. Had more gowns, 
gown types and levels been available, a more thorough study could have been 
performed. Thus, the findings are limited to these specific types of reusable isolation 
gowns and may not accurately represent other manufacturers. 
 The major limitation to the water penetration resistance test (AATCC 127-2013) 
was operator reaction time. The water penetrated the cuffs in three unique locations in 
such quick succession that the test couldn’t be stopped quick enough to accurately 
represent all three penetration locations. The first drop pressure was likely a better 
representation of operator reaction time but the third drop pressure had to be used in 
order to compare the data to the ANSI/AAMI PB70 standard. Slowing the 60mbar/min 
pressure rate to something slower may allow for better response time and thus more 
accurate readings. 
 Lastly, when performing data analysis, the maximum number of washings for H 
was changed to match the others at 75 cycles. Instead of taking into consideration H 
was washed to a different number of cycles, all were viewed as the “maximum 
recommended cycles”. It is suspected that any differences from the other two groups (B 
and F) within Level 1 were because of the difference in number of maximum laundering 
cycles used. Group H was manufactured by a different company than the shared 
manufacturer of both B and F which could have also contributed to the differences.  
However, this is speculation and would require further testing to confirm. 
 The information gathered in this study will need to be used in conjunction with 
proper donning and doffing of other PPE such as gloves. Any misuse of PPE will cause 
higher exposure risk. According to ANSI/AAMI PB 70:2012, blood can penetrate 
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through most fabrics more readily than water due to the high surface tension of water. 
Thus, if a gown passes these tests at the appropriate level, the gown may not protect 
against blood/bodily fluid strike-through. With a single drop of blood potentially 
containing thousands of blood-borne pathogens (Ahmad et al., 1998), further testing for 
the ability for blood and bodily fluids to migrate from one side of protective apparel to 
the other should be conducted. 
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